
THtr SCALE OF'THtr

COSMOS

e are going on a voyage out to the end of the universe. Marco Polo

fourneyed east, Columbus west, but we will travel away from our home

on eafih, out past the moon, sun, and other planets, past the stars we see in the

s$, and past billions more that we cannot see without the aid of the largest

telescopes. 
.!(e 

will journey through great whidpools of stars to the most distant

gala-xies visible from eafih-and then we will continue on, carried only by ex

lerience and imagination-looking for the structure of the universe itsell

Besides journeying through space, we will also travel in time. We will explore

the past: see the sun and planets form and search for the formation of the first

surs and the origin of the universe. We will also explore forward in time to watch

ihe sun die and the earth wither. Our imagination will become a scientific time

nachine to search for the ultimate end of the universe.

Though we may find an end to the universe, a time when it will cease to exist,

;re will not discover an edge. It is possible that our universe is infinite and extends

n all directions without limit. Such Yastness dwarfs our human dimensions, but

:rot our intelligence or imagination.

Astronomy-this imagined voyage-is more than the study of stars and planets.

ir is the study of the universe in which we exist. Our personal lives are confined

:,r a small corner of a small planet circling a small sun drifting through the universe,

rut astronomy can take us out of oursehes and thus help us underi;tand what we

ife.
Our study of astronomy introduces us to sizes, distances, and times far beyond

.lr common experience. The comparisons in this chapter are designed to help

*i grasp their meaning.
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Seed s)

. ) .r iiar? The answer-roughly 1 million miles
. :r:ceningless. Such a large number telis us

.. r-e humans, cnly 5 or 6 feet tall, hope
: , rI11cSS of ihe universe? The secret lies

_ 
:;:l

: ...r1',cfse. \1€ must understa.nd the

: - :..r-r-i galexies, and the universe

. - -,rr r:elate olrr own bOdy size
.: ., 

. -rrd us can we begin to

To illLrsiletr tjrt -ccal: of esironomi.al bodits, ttt fit
orirseir-es ir-ito tirc tlit1r'atsc, rl,e x,iil joui'nev fi:ilitl li aliillptls

scene to ihe irnrits oi the cttsmos in 12 sttps, Each siep

u.ili *-ic1en oLii r-tt'-*' bv a firctcti of 100 Tl-rtii is, each

successivi: iricrtire in tlis chapter x,iil iltorr I iegion of'

thc unir-eilt thlLt is iOC timcs *,iciei' i1:':rn ii't.' pre.rLl;n3

picture,
'l'his sccne shon,s a region abttut 52 leet across. It is

occlrpieal br. li human trcing. a sicle-n'alh, r.;ldr a ie-r'itccs-

all objeci:s r.,-irose -qizc \rc ir:ii'r undersirlnii Onh'i2 stens

separate tlris scerre iroia the unir-erst ls e n'hoie.
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'eld of view enlarged 100 times from previous image (Pennsylvania Department of
-'ansportation, Bureau of Design)

'We now increase our fie1d of r,"iew by a factor of 100,

:r'hich is an area 1 mile across. The area of the preceding
-:hotograph ls shown by the sma1l square (arrow). fndi
.:dual people, trees, and sidewalks vanish, but now we
:ln see a college campus and the surrounding streets and
:cuses.

These dimensions are familiar. \Ve have been in houses,

--:ossed streets, and walked or run a mlle. We have personal

:-\perience with such dimensions, and we can relate them
rhe scale of our bodies.

-tlthough we have begun our adventure using feet and
:: 'les. u.e should use the metric svstem of units because

it makes arithmetic simpler (Appendix C). One mile is

5280 feet and each foot 12 inches, so 1 mile is 5280 x 12 :
53,360 inches. If we use the metric system, this calculation

is easier. One kilometer (km) is 1000 meters (m), and

each meter is 100 centimeters (cm). Thus, 1 km is
1000 x 100 : 100,000 cm.

One mile equals 1.609 km, so our photograph is about
1.6 km across. (See Appendix C for other conversion fac-

tors.) Only 11 more steps of 100 separate us from the

largest dimensions in the universe. The next photograph
will span 160 km.
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,Li e r 3i'ced 1C0 tn'es lronr pre,r ous image (NASA infrared photograph)

. ',ie;i.nr-rw rip2lns i60 krrr, abor-it 100 niles.
,r-ri)irii is tnr,isible, and we see onl)' a lew

.,-iii rfir (lrties are r,'isiblc as dark biotches,
- . - , sii-.ie as tinv rectangular shapcs. The

' ',r.r .ll'r: -''jsihle ai the lower rlght. GreeIl
' .:t:s 1|irarcd ph0to.

.',:' liiiuilil ibatLrres ol the eal'th's

- . r,:,.iit: of sollthern Pennst,irania

. :lrr- (.hesapeake Bay, A

l 'a- - .- .I -:',-,: O1t the Sulfece

of an e\'ohlng planct. F'orces irr the earth's cftlst pushe.l

ti'ie mountain rangcs up ir.rto parallel folcls. like a rug

r.rinlded on a polished floor" I'he clouds rerrincl us that

the eartlr's atmospherc is rich in rrater. \vhich lalls as r':Lin

ancl erocles tire morintains. \\eshlng rnat.r:iel cktu,n thc

rivers ancl into tl.re sea. The mount'.rius an.l velieys that ne
knor.l' are onh, temporarl' featllres: tho' arc constalttll,

changing.

r\s ne explore the unir.ersc, nc mll sce that it, like the

carth's sudace, is er,olr-ing. Changc rs the norm in our
luniverse, V'e nill see stars erolring and d1.ing. And ne r,i,'i11

cliscuss thc possrblc cncl of the unir,erse,
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::ld of view enlarged 100 times from previous image (NASA)

. The next step in our journey shows our entire planet.
-he earth is 12,756 km in diameter and rotates on its axis
,:,ce a day.

This image shows most of the daylight side of the planet,
;:th the sunset line at the extreme right. The rotation of
-:e earth carries us eastward across the daylight side, and,
. \e cross the sunset line into darkness, we say the sun
:-5 set. Thus, the rotation of our planet causes the cycle
,: dav and night.

\fe know that the earth's interior is made of iron and
::kel and that its crust is mostly silicate rocks. Only a thin
-,-er of $/ater makes up the oceans, and the atmosphere

is only a few miles deep. On the scale of this photograph,
the depth of the atrnosphere on which our lives depend
is less than the thickness of a piece of thread,

The water and air on our planet has made life possible,
but we know of no other planet where such conditions
exist. Only eight other planets orbit the sun in our solar
system, and none have liquid water on their surfaces. In
addition, we can see no other planets orbiting other stars.
Such planes probably exist, but rhey are too disranr ro
detect. So far as we know, we are the only life in the
universe.

CHAPTER 1 / The Scale of the Cosmcs 5



:: c of view enlarged 100 times from previous image

Agarn $e enlarge our field of view by a factor of 100'

-a .,. see a regircn of the universe 1,600,000 km wide'

Eanh is ihe sma1l white dot in the center, and the moon'

onh- one-tbunh its diameter, is an even smaller dot along

is orbrt 380.000 km from the earth'

These numbers are so large that it is inconvenient to

write them out. Astronomy is the science of big numbers'

andwe will use numbers much larger than these to discuss

the depths of the unir-erse. Rather thanwrite these numbers

out, it is convenient to $'nte them in scientific notation'

It is nothing more than a simple s'ay to write big numbers

without writing a great many zeros'

6 cHnpreR 1 / The Scale of the cosmos

In scientific notation we would write 380,000 as

3.8 x 105. The 5 tells us to move the decimal point five

ptr.", ,o the right. The 3.8 then becomes 380,000 In the

iur. *ry, we would write 1,600,000 as 16 x 106' Notice

that we could also write this as 16 x 105 or 0'16 x 107'

It is the same quantity.

Ve can also use scientiflc notation to write very smal1

numbers. If you are not familiar with scientific notation'

consult Appendix C. The universe is too big to discuss

without using scientific notation'
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= eld ol view enlarged 100 times from previous image

When we once again enlarge our field of view by a

iactor of 100, Earth, the moon, and the moon's orbit all

ie in the small red box at lower left. But now we see the
:-un and two other planets.

\renus is about the size of Earth, and Mercury is a bit
-uger than the moon. On this dngram, they are both too
:rnail to show as arything but tiny dos. The sun is 109

rres larger in diameter than Earth (inset), but it too is
:o*ring more than a dot, on this diagram.

This figure spans 1.5 x 108 km. One way to deal with
srch large distances is to define new units. Astronomers

use the averuge distance from Earth to the sun as a unit
of distance called the astronomical unit (AU). Using
this unit we can say that the average distance from Venus
to the sun is about 0.7 AU. The average distance from
Mercury to the sun is about 0.39 AU.

The orbits of the planets are not perfect circles, and
this is particularly apparent for Mercury. Its orbit carries
it as close to the sun as 0.307 AU and as far away as

0.457 AU. Earth's orbit is more circular, and is distance
from the sun varies by only 1.7 percent.
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:: C oi vew enlarged 100 times from previous image

1,i:-:: s e began our journey, our field of view was only
<- :.:: :bout 16 m) in wldth. After only six steps of
.:r--:rjr: - u: held ofview by afactor of 100 at each step,
;,....-ii.'ni.'.e entire solar system. Our field of view is

i ::-"'-:- - ,:: r-rnes nider than in our first view.
f:r :r'*i-. - t ':e preceding figure are now lost in the

tu.rr- sci":r :: '.a aetter of this diagram. The sun, Mercury,
\-erus. -; Er:-r :e so close together that we cannot
separira t:e:: ]i r'. ra]e. \Iars. the next outward planet,
lies on-\' 1.-.i -\L' tic:n -ile sun,
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In contrast, the outer planets Jupiter, Saturn, Uranus,

Neptune, and Pluto are so far from the sun that they are

easy to place in this diagram. These are cold worlds far
from the sun's warmth. Light from the sun takes over 4
hours to reach Neptune, which is slightly over 30 AU distant.

In contrast, sunlight reaches Earth in only 8 minutes.

Notice that Pluto's orbit is so elliptical that it can come

closer to the sun than Neptune. In fact, Neptune is now
farther from the sun than Pluto and will remain the most

distant planet in our solar system till nearly the end of this

century.


